Presentamos un estudio fotométrico detallado de la super-erupción de V1838 Aql, una variable cataclísmica recientemente descubierta, desde el máx-imo en 2013 hasta su regreso al mínimo. Examinamos en detalle la evolución de los superhumps. Determinamos el período orbital P orb = 0.05698(9) d a partir de la periodicidad de los superhumps tempranos. Comparando los períodos de superhumps en las etapas A y B con el valor del período orbital, derivamos un valor del cambio en el período orbital de = 0.024(2) y un cociente de masa para el sistema de q = 0.10(1). Sugerimos que V1838 Aql se está acercando al mínimo período orbital, por lo que la secundaria sería una estrella de baja masa y no un objeto sub-estelar.
INTRODUCTION
Cataclysmic variables (CVs) are close binary systems where a white dwarf (WD) accretes from a low-mass star via Roche-lobe overflow, often creating an accretion disc (for a review see Warner 1995) . A large fraction of CVs belong to the subclass of dwarf novae (DNe). They undergo recurrent outbursts with typical amplitudes of ∼2-6 mag in the optical, which are commonly accepted to be caused by a thermal-viscous instability in the disc (Osaki 1974) . In addition, SU UMa-type DNe (subclass of DNe systems with short orbital periods, P orb < 2.5 hr) exhibit occasional eruptions that are less frequent, longer lasting, and slightly brighter (by ∼ 0.5-1.0 mag) than the normal outbursts. The key feature during these so-called superoutbursts is the presence of superhumps a modulation in the light curve with an underlying periodicity, P sh , a few percent longer than the orbital period. They are thought to arise from a precessing non-axisymmetric disc (Vogt 1982) , with the eccentricity being produced by the tidal instability developed at the radius of the 3:1 resonance (Whitehurst 1988) . The analysis of the timing and evolution of such light oscillations provides estimates of the system's parameters using empirical (Patterson et al. 2005 ) and theoretical (Kato & Osaki 2013 ) relationships between the superhump/orbital period excess, ≡ (P sh −P orb )/P orb , and the binary mass ratio q ≡ M 2 /M 1 . Several (q) relations have been proposed by these authors based on different stages of the superhumps, although Otulakowska-Hypka et al. (2016) show that the scatter in the -q diagram is considerable for very short orbital periods. This is due to a lack of objects with dynamically confirmed small values of q (Patterson 2011; Kato & Osaki 2013) .
Among the SU UMa-type systems, there is a large group that accumulates around the minimum of the orbital period distribution of CVs (P orb ∼ 78 min) (Paczynski & Sienkiewicz 1981; Gänsicke et al. 2009; Knigge et al. 2011) . These are binaries with extremely low mass-transfer rates, named WZ Sgetype objects, which are characterised by rare (commonly detected every ∼ 10 years), and large amplitude superoutbursts of duration of ∼ 30 days, caused by an instability in low viscosity accretion discs with α ∼ 0.01 − −0.001 (Smak 1993; Osaki 1994) . Some of them are systems currently evolving towards longer periods and are collectively known as period bouncers (e.g. Littlefair, Dhillon & Martin 2003) . These binaries are expected to harbour a sub-stellar secondary companion (Howell et al. 1997) , i.e. brown dwarfs (e.g. Littlefair et al. 2006; Harrison 2016; Hernández Santisteban et al. 2016; Neustroev et al. 2017 ).
Worth noting is that WZ Sge-type objects are characterised not only by a long superoutburst recurrence time in comparison to typical SU UMa stars, but also by the presence of early superhumps (double-wave modulation) during the first few days of the eruption, with a periodicity (P esh ) essentially equal to the orbital period of the binary (details in O' Donoghue et al. 1991; Kato 2015) . The advent of all-sky surveys (e.g. Breedt et al. 2014 ) and worldwide citizen-telescope networks have contributed to the discovery of a large population of faint DNe. Among these discoveries, the elusive population of short-period systems, in particular period bouncers, has been found and investigated (Patterson 2011; Coppejans et al. 2016; Otulakowska-Hypka et al. 2016) .
The discovery of a new transient, initially proposed as possible nova, was reported by Itagaki on 2013 May 31. Henden 16 pointed out that the colour indices of the object and the un-reddened field suggested a DN rather than a nova. As pointed out by Hurst 17 , Kojima reported a pre-discovery image on 2013 May 30.721 UT, when the magnitude was at about 9.8 mag (un-filtered). A CBET report of this new DNe in Aquila, can be found in Itagaki (2013) .
Although a preliminary analysis of the behaviour of V1838 Aql (originally designated as PNV J19150199+0719471) was published by Kato et al. (2014) , we present here a full analysis of the superhump behaviour based on our extensive data.
In section 2 we present the observations and their reduction methods. The photometric data and the period analysis are presented in section 3, while in section 4 we address the discussion of our results. We present our conclusions in section 5.
OBSERVATIONS AND REDUCTION
Photometric observations in the V band were obtained in 2013 during the nights of June 3, 4, 5, 6, 17, 18, 28 and September 2 and 25 at the 0.84 m telescope of the Observatorio Astronómico Nacional at San Pedro Mártir (SPM). We used the Blue-ESOPO CCD detector 18 on a 2×2 binning configuration. The exposure time of the SPM observations varied between 10 and 30 s. In addition, time-series photometry of the superoutburst were obtained from 10 observatories of the Center for Backyard Astrophysics (CBA) -a network of small (0.2-0.4 m) telescopes that covers a wide range in terrestrial longitude. Skillman & Patterson (1993) and de Miguel et al. (2016) describe the methods and observing stations of the CBA network. These observations amounted to 162 separate time-series during 58 nights from June 1 to August 2, 2013, and the typical exposure time ranged from 20 to 120 seconds depending on the brightness of V1838 Aql. Nearly half of these observations were obtained in V light, while the rest (mainly during the post-outburst regime) were unfiltered. We did not attempt any absolute calibration of the data during the eruption, but the magnitude scale is expected to resemble closely V magnitudes with a zero-point uncertainty of ∼ 0.05 mag. Further observations in the R band using the 2.1 m telescope at SPM during 2018, July 18 were conducted. Unfortunately, the weather was unstable and we only managed to obtain differential photometry over three orbital cycles. In the following, we report times and refer to specific dates in a truncated form defined as HJD − 2, 456, 000.
PHOTOMETRY AND PERIOD ANALYSIS

Photometric observations
Most of our photometric observations come from the CBA network, with additional V -band observations obtained with the 0.84 m telescope at SPM at some critical stages of the outburst and during the late decline.
19 We observed the typical pattern seen in SU UMa stars during superoutburst: a plateau phase -lasting ∼25 days, from HJD 444 to 469-where the mean brightness varies smoothly from 10.5 to 13.0 mag, followed by a rapid decline (∼3 mag in 2 days) at the end of the main eruption. The subsequent fading towards quiescence was at a rather low rate (∼0.035 mag d −1 ), and even 3.5 years after the end of the eruption, the system was found ∼0.5 mag above the pre-eruption quiescent brightness. However, based on the observations obtained with the NTT telescope (La Palma, Spain), we confirmed that the object had reached the pre-outburst level by June 2017. These observations and the general spectral distribution at quiescence have no further relevance here and will be discussed in a future publication.
Full analysis of the different stages of the superhump
Our primary tool for studying periodic signals was the Period 04 package (Lenz & Breger 2005) . First, we subtracted the mean and (linear) trend from each individual light curve and formed nightly-spliced light curves. Then, after combining light curves from adjacent nights, a search for periodic signals was done. This approach allows to improve the frequency resolution, but it has to be implemented with caution, since variations in the amplitude and/or the period of the modulation -both effects known to afflict erupting DNe-can distort the outcome of the frequency analysis.
A general view of the superhump transitions can be looked up by identifying the different stages of the superhumps: early superhumps, stages A, B and C as well as the post-outburst stage (see Kato et al. 2009 Kato et al. , 2014 , for this terminology in our general discussion). Thus, we looked at the time variations of the superhump period and its amplitude by examining the variation in time with respect to a well-defined feature of the superhump signal.
After this general analysis, a detailed explanation of these stages was made. First, we derived the timings of superhump maxima. A total of 310 times of superhump maxima were identified in the light curves in the interval HJD 449.6-498.6 days. These maxima are shown in Table 1 . The early stage of the eruption was not considered, since the signal there was of very low amplitude and individual maxima were not well defined. A linear regression to these timings provides the following test ephemeris:
T max (HJD) = 2, 456, 452.8035(23) + 0.058191(6) E .
(
The top panel of Figure 1 displays the general photometric behaviour of the system during our campaign. Next, on the middle panel of Figure 1 is presented the variation of the amplitude of the superhump modulation, defined as the semi-amplitude of the sine wave that best fits the nightly photometric data.
The O-C residuals of the times of maximum light relative to the ephemeris given by Eq. 1 are shown in the lower panel of Figure 1 . The resulting O-C diagram is complex, but it displays a number of features that are usually observed in other SU UMa-type systems (Kato 2015) . Among the most relevant features visible in this diagram we point out the following:
1. During the first four days of the outburst a weak modulation (early superhumps) with a period P esh ∼ 0.057 d were visible in the light curve.
2. The onset of fully-grown (stage A superhumps) took place in a short time-scale (∼ 2 d) and involved an increase in the amplitude of the modulations. Their (mean) period, P sh(A) ∼ 0.059 d, was longer than P esh .
3. Once the superhump modulation reached full amplitude, the system entered stage B where the amplitude of the superhump decreased slowly, and the mean period became shorter (P sh(B) ∼ 0.058 d.) The upward curvature of the residuals during this stage (days HJD 449-466) signifies that the period of the superhumps was not constant, but increased over time. From a quadratic fit of the residuals in this interval, we find an increase rate of dP sh(B) /dt = 5.8(4) × 10 −5 .
4. Before the end of the main eruption, the amplitude of the superhumps was found to grow larger (∼ 0.10 mag). The system entered stage C, extending from day HJD 466 to the end of the main plateau (around day HJD 470), where the period of the superhump remained essentially constant (P sh(C) ∼ 0.0582 d).
5. Worth noting is the increase of the amplitude variations as the system dropped about 3 mag between stage C and the post-outburst stage.
6. After the end of the main eruption (day ≥ HJD 473) the superhumps were still visible with significantly larger amplitude ∼ 0.2 mag), and with a period which remains constant for at least the subsequent ∼ 25 days. The period of the post-outburst modulation was shorter than P sh .
A summary of the main periodicities along the eruption is given in Table 2 , as found in the next subsections.
Early superhumps
From the beginning of our campaign, a weak modulation of about 0.010 mag full amplitude was observed in the light curves. This signal persisted over days HJD 445-448. The power spectrum of the spliced light curve covering this 4-day segment is shown in the upper frame of Figure 2 . It is dominated by two broad peaks centred at frequencies 35.10(3) and 17.55(3) cycles d −1 . These signals were weak, with amplitudes of 0.0036 and 0.0030 mag, respectively. Although they are barely detected above the noise, we interpret them as a likely manifestation of early superhumps (Kato et al. 2014) .
This photometric feature is known to be typical of WZ Sge-type stars, and is not shown by any other type of dwarf nova. Although its physical origin is still under debate, there is increasing observational evidence that its period (P esh ) is essentially equal to P orb (Patterson et al. 1996; Kato 2015) . A folded curve of the spliced light curve with P esh = 0.05698(9) d is also shown in the lower frame of Figure 2 , which shows the double-humped pattern characteristic of early superhumps. The value of P esh obtained in this paper is slightly different from, but consistent with, the value of 0.05706(2) d reported in Kato et al. (2014) .
Common superhumps
The double-humped pattern of the early superhumps turned into singlepeaked humps on day HJD 449. Over days HJD 449-451, the mean amplitude was around ∼ 0.007 mag and the period was ∼4% longer than the period found for early superhumps. The dominant signal occurred at 16.83 (8) corresponding to a period of 0.0594(3) d. Since the modulation was better defined in this 2-day interval, we were able to determine the times of maximum in the signal. We identified a total of 9 maxima in the HJD 449.6-451.6 day interval, and obtained a period of 0.05934(11) d (corresponding to a frequency of 16.85(3) cycles d −1 ) from a linear regression. This value is fully consistent with the one found from the Fourier analysis. The modulation over this 2-day segment is interpreted as stage-A superhumps. The period we find is close to, but slightly different from, the value of 0.05883(6) d reported in Kato et al. (2014) .
Fully-grown, large-amplitude superhumps were finally observed on day HJD 452 (amplitude of 0.10 mag). As a representative example, we show in the upper frame of Figure 3 the light curve from day HJD 455. As the eruption proceeded, the mean amplitude of the superhumps decreased (as shown in the middle panel of Figure 3 ). The variation in amplitude was smooth in the HJD 452-466 day interval. We formed a spliced light curve in this interval, and obtained the power spectrum shown in the middle frame of Figure 3 . The strongest signals occurred at f 1 = 17.128(3) and f 2 = 34.265(3) cycles d −1 . They are interpreted as the frequency of stage-B superhumps (period of P sh = 0.058384(10) d) and its first harmonic, respectively. Other (weaker) peaks, not shown in Figure 3 , are found at f 3 = 51.381(6) and f 4 = 68.403(6) cycles d −1 . The mean waveform of the superhump modulation during this interval is shown in the lower panel of Figure 3 .
We note that after subtracting the superhump signal and its harmonics, the power spectrum of the residual light curve showed peaks at 17.20 and 17.28 cycles d −1 . But we do not give any physical significance to these detections, and interpret them as the result of period and amplitude variations of the superhump wave during the eruption.
The amplitude of the superhumps increased around day HJD 466, and decreased thereafter until the end of the main eruption (stage C). The strongest signal in the power spectrum in the HJD 466-470 day interval occurred at 17.191(10) cycles d −1 , corresponding to a period of 0.05817(3) d, with additional peaks at higher harmonics. Lower frame: Mean waveform of the post-outburst superhump, obtained after folding the data on P = 0.057991 d. The zero phase is arbitrary.
Post-outburst stage
Once the main eruption was over, the light curve was still dominated by superhumps, but now with significantly larger amplitude (∼ 0.15 mag) which decreased slowly (∼ 0.013 mag d −1 ). This behaviour remained essentially unchanged for nearly 20 days of our observations after the main fading.
We formed a spliced light curve including all the observations from day HJD ≥ 473, and found a power spectrum (shown in the upper frame of Figure 4) , with a peak at 17.244(1) cycles d −1 . This is interpreted as the frequency of the post-outburst superhump, and dominates the spectrum. Higherorder harmonics were also found, but their amplitude was very low (< 0.0065 mag). This signifies that the waveform of the post-outburst superhump was nearly sinusoidal. The lower frame of Figure 4 shows that this is indeed the case.
Photometry near and at minimum light
As detailed in Section 2, we took two runs near minimum light covering around one orbital period each. The light curves are shown in the upper panel of Figure 5 . When folded with the orbital period (0.05698 d), the light curves seem to be out of phase. But this is not surprising: over the 23 days (nearly 400 orbital cycles) elapsed between both runs, an uncertainty of 0.0001 days in P orb involves an uncertainty of 0.7 in phase. We carried out a period analysis of both nights using the Phase Dispersion Minimization (PDM) technique (Stellingwerf 1978) in the Peranso package (Paunzen & Vanmunster 2016 ). This technique is frequently used to detect variations of superhumps in SU UMa systems (e.g. Kato et al. 2014 ). The lower frame in Figure 5 shows the results of combining the two nights with the best period estimate (0.0576 d) determined from the PDM technique. Assuming that the observed light comes from the accretion disc, the zero point obtained in this case is HJD 2456537.6946 (time of inferior conjunction of the secondary). The period found using the PDM method yields a value which is still close to the post-outburst state, but the sinusoidal shape is gone. There is only a small peak around phase 0.25. No double modulation with orbital period is found as would be expected in a bounce-back object. Further observations in the R band were obtained in 2018, July 18 covering three orbital cycles. Since the night was not photometric, we were unable to make absolute calibrations and only differential photometry is shown in Figure 6 . No obvious orbital modulation was detected within the individual errors, which are rather large (∼ 0.03 mag).
DISCUSSION
The values derived for the superhump period in stages A and B allowed us to estimate the mass ratio of the system through the known "superhump excess" − q relations (Patterson 1998 (Patterson , 2011 Kato & Osaki 2013 ). Considering the lack of a reliable determination of the orbital period from spectroscopic observations, we assume here that P orb is equal to the period of early superhumps. We find A = 0.042(5) and B = 0.024(2). Thus, our estimates for the mass ratio are q A = 0.12(2) and q B = 0.10(1), respectively. Comparing these two values with the −q relation shown in Bakowska et al. (2017, Figure  19 ) we can see clearly that B is well within the expected value, while A is not. This is further supported by using the updated Stolz & Schoembs (1984) relation in Otulakowska-Hypka et al. (2016, Eq. 4) , which for our assumed orbital period gives = 0.019(10). Although we are inclined to use the stage B results, we point out that both values are suggestive of a low-mass donor, although as pointed out in Section 1 (e.g. Otulakowska-Hypka et al. 2016 , see their Figure 7 ), empirical relations -q at low-q values may carry large systematic uncertainties. For a typical white dwarf with mass ∼ 0.8 M (Zorotovic, Schreiber & Gänsicke 2011 ) and mass ratio q ∼ 0.1, the mass of the secondary is very close to the sub-stellar limit i.e. 0.072M (Chabrier & Baraffe 2000) . Further characterisation of systems like V1838 Aql will allow us to discern empirically where this limit lies for mass-losing donors.
It has been noted by many authors, both theoretically and observationally, that the CV orbital period distribution should present a sharp cut-off at about ∼ 80 min, usually termed as the minimum period (e.g. Rappaport et al. 1982; Ritter & Kolb 1998; Gänsicke et al. 2009 ). V1838 Aql has an orbital period of about 82 min, very close to the minimum period, which makes it difficult to discern whether it is approaching to or receding from this minimum orbital period. Before asserting its true nature, we could look at some observational features in those CVs systems around the minimum orbital period. Most of these systems possess WZ Sge-like features. Their optical spectra are mostly dominated by the white dwarf and accretion disc itself, with no visible features from the donor. Since the rate of accretion is an order of magnitude smaller than that for systems before reaching the minimum period (ṁ ∼ 10 −11 M yr −1 ), the accretion discs become very faint, and the broad absorption lines of the white dwarf become visible below ∼ 5000 Å) e.g. WZ Sge (Howell et al. 2008) . On the other hand, the donor's observed properties should vary significantly for systems with the same orbital period but evolving towards or away the period minimum. This is a consequence of the donor's temperature steep relationship as a function of orbital period (e.g. Knigge et al. 2011) . From the superhump analysis presented here, we suspect that the system is approaching the period minimum and thus, the donor is probably a late-M dwarf spectral type with an observed effective temperature of ∼ 2400 K (Knigge et al. 2011 ).
The donor of V1838 Aql is therefore an ideal candidate for NIR timeresolved spectroscopy (e.g. SDSS J143317.78+101123.3, Hernández Santisteban et al. 2016), which would render a fully independent measurement of the orbital period and the mass ratio, to confirm or reject its sub-stellar nature. This is particularly important since few low-q systems have been observed in outburst and which are also capable of dynamical measurements of their components (Figure 3 in Kato & Osaki 2013) . Thus, V1838 Aql could be a system to calibrate the empirical superhump relations in this poorly-explored region of parameter space.
CONCLUSIONS
We have presented a long-term study of the 2013 superoutburst of V1838 Aql from its peak to quiescence. Our main results are as follows:
• The observed early superhumps suggest an orbital period of P orb = 0.05698(9) d, which locates V1838 Aql close to the minimum of the orbital period distribution in CVs.
• From stages A and B and early superhump periods, we found the mass ratio to be q A = 0.12(2) and q B = 0.10(1), respectively.
• Based on the obtained values of the mass ratio, we claim that the donor in V1838 Aql is a low-mass star rather than a sub-stellar object, and the system is approaching the period minimum.
Given the long interval between outbursts in low-q systems, it is of paramount importance to confirm by dynamical methods the orbital parameters of such systems. This would indicate which systems may be used in order to calibrate the empirical superhump excess relations. 
